A portion of poliovirus double-stranded RNA (25 to 50%) isolated from infected HeLa cells contains hairpin loops at one end of the duplex structure. These structures rapidly reformed double-stranded molecules after denaturation and appeared as molecules of up to two times genome length upon electrophoresis in denaturing agarose gels. A second form of poliovirus double-stranded RNA was readily denaturable into genome length strands. When the hairpin RNA was treated with Si nuclease, subsequent denaturation resulted in formation of strands of up to genome length. Hairpin molecules contained very little, if any, poly(A) sequences, suggesting that the hairpin forms after nucleolytic removal of the 3' end of plus-strand templates. We conclude that the hairpin double-stranded RNA found in infected cells is likely generated by intracellular nicking and self-priming and that it does not represent an intermediate in the process of RNA replication.
The biochemical mechanism of poliovirus RNA replication has not been defined. Although it is generally agreed that the RNA chain elongation activity is contained in the virally encoded polypeptide 3D, the mechanism by which synthesis of new chains is initiated remains unknown and under some controversy. Equally unclear and likely related to the RNA chain initiation reaction is the process by which the small viral protein, VPg, becomes covalently linked to the 5' ends of viral RNA molecules.
Attempts during the last decade to develop RNA replication systems in vitro have led to the isolation of several host factor preparations that are currently under study in different laboratories as potential components of the RNA chain initiation mechanism (3, 6, 8-10, 14, 21, 22 ). An activity that uridylates VPg to form VPgpUpU has been detected in a crude, membranous fraction that has RNA-synthetic activity in vitro (19) . At least some VPgpUpU molecules can be elongated to longer polynucleotides (18) , and these findings have supported the suggestion that the uridylated protein serves directly as a primer for synthesis of new chains. This model is consistent with earlier results that identified a host protein that supported synthesis of full-length complementary RNA in vitro by the viral polymerase 3D (7, 13) . At least some fraction of this product RNA was shown to be linked to VPg sequences, which must have been an inadvertent contaminant in the polymerase preparation.
A second model was proposed by Young et al. (22) , whose host factor preparation, in conjunction with the viral polymerase, produces products in vitro that are elongated directly onto the RNA template to yield a population of snapback hairpin molecules that, upon denaturation, extend up to twice the length of the template. This model requires that the hairpin subsequently be cleaved, perhaps coupled with VPg addition to the newly generated 5' ends. Alternatively, linkage of VPg to product RNA could be explained by nonspecific cleavage of VPg-linked template RNAs, followed by addition of nucleotides to the generated 3' end of cleaved template molecules. A biochemical mechanism for host factor-dependent hairpin formation was proposed by Andrews et al. (4) , who demonstrated a terminal uridylyl transferase activity in their host factor preparation that was suggested to add a sufficient number of uridylate residues to the 3' end of the polyadenylated poliovirus RNA template so as to generate a self-hybridizing and therefore self-priming substrate for the polymerase. As evidence in support of the latter model, it was reported that snapback dimer length RNA molecules could be isolated from poliovirus-infected cells (22) and encephalomyocarditis virus-infected cells (16) , thus raising the possibility that these snapback structures represent true intermediates of the replicative reaction occurring in vivo.
In our laboratory, a similar purified polymerase-host factor reaction that produces heterogeneous products of up to dimer length in vitro has been studied and reported (11) Figure 1A shows a sedimentation profile of this ds RNA with its characteristic 20S peak (A). Most of this material was denatured in 15 mM methylmercury hydroxide just before sedimentation through a rate zonal sucrose gradient (Fig. 1, 0) . Some of this RNA displayed a peak of 35S, characteristic of genome length plus and minus strands. Approximately 30 to 40% of this preparation, however, sedimented at its original sedimentation coefficient of 20S by virtue of snapback intramolecular renaturation. In different preparations isolated over a period of 2 years, the fraction of snapback RNA in the total ds RNA population varied between 25 and 50%. That this population of 20S molecules was not the result of incomplete denaturation during the initial denaturation is shown by collection of the 20S peak in Fig. 1A by ethanol precipitation, denaturation with methylmercury hydroxide again, and centrifugation in a rate zonal sucrose gradient (Fig. 1B) . Almost the entire RNA population sedimented with a peak at 20S, confirming that this RNA represents snapback molecules.
If the 20S peak of RNA represents snapback dimer length strands, then these molecules should be cleaved by the single-strand-specific S1 nuclease into genome length strands by virtue of the susceptibility of the hairpin segment to cleavage. Figure 2 shows an autoradiogram of various fractions obtained during purification of poliovirus ds RNA from infected cells. These fractions were analyzed in a methylmercury hydroxide-agarose gel (5 Since snapback molecules of various lengths are generated in infected cells, the question arose of how the complementary strands were primed. The hairpin RNA molecules generated in vitro had lost the poly(A) tract originally present on the 3' ends of the poliovirus RNA templates because of nicking at internal sites (11) . We reasoned, therefore, that the population of snapback molecules generated in vivo, which includes predominantly strands of less than dimer length, may also have lost their poly(A) se- These enzymes together catalyze hydrolysis at all internucleotide linkages except ApN and thus leave any poly(A) tract undigested. For comparison, the single strands recovered after denaturation of ds RNA (Fig. 1A, fractions 9 to 14), as well as single-stranded RNA isolated by cellulose chromatography from the original nucleic acid extraction of infected cells, were also collected and digested with RNases A and Ti. Each sample was subjected to gel filtration on Sephadex G-100 to remove the small nucleotide digestion products from any poly(A) sequences. The efficiency of this method of analysis was monitored by performing the same analysis on virion RNA 3' end labeled with [32P]pCp and T4 RNA ligase (Fig. 3, lane b) . Snapback RNA was initially digested with Si nuclease as for Fig. 2 . All samples for lanes b to e were digested with RNase Ti (1 U/,g of RNA) and RNase A (2 x 1i-,ug/,ug of RNA) in 7 M urea-0.02 M citrate (pH 5.0)-i mM EDTA at 50°C for 30 min; treated with pronase (1 mg/ml) in 0.2% sodium dodecyl sulfate at 37°C for 5 min; extracted with phenol-chloroform; and precipitated with ethaiol. These precipitates were dissolved in 0.2 M LiCI-0.03 M Tris hydrochloride (pH 7.5)-2 mM EDTA-0.1% sodium dodecyl sulfate and passed through a Sephadex G-100 column (0.7 by 27 cm) in the same buffer to obtain the excluded material [poly(A) tracts], which was again collected by ethanol precipitation. All samples were then hydrolyzed in 10% piperidine in sealed capillaries at 90°C for 90 min, spotted on Whatman 3 MM filter paper sheets, and supplemented with a mixture of nonradioactive ribonucleoside 3'-monophosphates. Electrophoresis was performed in pH 3.5 buffer (5% glacial acetic acid, 0.5% pyridine, 1 mM EDTA) at 3,000 V and 90 mA for 50 min. The paper was dried and autoradiographed. Afterward, nucleotide spots were visualized with UV light, cut out, and counted for radioactivity. It was immediately evident that the RNase digestion products from the snapback RNA sample contained a much smaller proportion of Sephadex-excluded material than did any of the other samples. Radioactivity in the excluded material from digested single-stranded RNA and nonsnapback ds RNA was 0.8 and 0.9%, respectively, of the total radioactivity in the undigested samples, consistent with previous estimates of the poly(A) content of these species (17, 20) . Analysis of similar amounts of radiolabeled snapback ds RNA, however, yielded barely detectable excluded material (0.1%) from the Sephadex column. This was a preliminary indication that the poly(A) content of this sample was unusually low. RNase-resistant, poly(A) sequences were recovered from intracellular single-stranded RNA (Fig. 3, lane c) .. 
